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LITERA1URE REVIEW
I.

Clinical Allergy

Irrmediate hypersensitivity is one of the major types of
allergic reactions diagnosed and treated by the clinical allergist.
1he M=chanism of Imnediate Hypersensitivity
Classical imnediate hypersensitivity reactions are mediated by
antilxx:ly effector mechanisms.

The mechanism consists of reactions

mediated by irrmunoglobulin E (IgE), a class of irrmunoglobulins with
unique biological properties.

An

allergen is the moiety in an

allergenic preparation which induces the production of IgE antilxx:lies.

An antigen is any moiety capable of stimulating the production
of imm.lnoglobulins, irrespective of which class.

In 1966 IgE was

demonstrated to be a new class of irrmunoglobulins and, subsequently,
its role in immediate hypersensitivity disorders has been intensely
investigated [20].
Inmediate hypersensitivity produces clinical allergic symptans
via the following sequence of reactions:

1) exposure to allergen;

2) develoµnent of an IgE antilxxly response to the allergen;
3) binding of the IgE antibodies to mast cells or basophils via a
site in the Fe region; 4) reexposure to the allergen; 5) interaction
of allergen with the allergen-specific IgE antibodies bound to the
surface membrane of mast cells or basophil; 6) release of potent
)

2

chemical mediators from sensitized mast cells or basophils; and
7) action of these mediators on various organs (Fig. 1) [20] .
.M2thods of Allergy !Rtection
M::iny methods are used clinically for in vivo and in vitro
detection of specific allergenic reactivity.

Examples of in vivo

diagnostic techniques are skin testing and provocative testing,
whereas, examples of in vitro tests are the radioallergosorbent test
(RAST), fluoresence allergosorbent test (FAST), etc.

'Ihe paper

radioirrrnunosorbent test (PRIST) can be used to determine total IgE as
an aid to assessment of overall patient reactivity [20].
Skin testing, the direct introduction of an allergen into the
skin of a patient, provides a simple and efficient technique for
determining the presence of IgE .antibodies to specific allergens [29].
IgE is the antil:xxiy responsible for the wheal and flare reaction of a
positive skin test.

The clinical significance of the skin test

depends upon a correlation of the reaction itself (wheal and flare)
with the history, physical examination findings, and other laboratory
tests obtained using patient sera [20].
skin testing are used clinically:
and 3) intradermal skin

testing~

1hree different methcx:ls of

1) prick test; 2) scratch test;
Each method varies in the degree of

sensitivity with the scratch test being the least sensitive and
intradennal testing, the most sensitive [20].

Fig. 1:

1he sequence of reactions which result in inrnediate
hypersensitivity.
A. Allergen sensitization.
Allergen (b) is absorbed across skin, gastric, or
respiratory mucosa (a). A macrophage (c) takes up
the allergen, pr,o cesses it, and presents it to the
T-lyrnphocyte (e). A B-lyrnphocyte (d) exposed to
allergen is influenced by the T-lyrnphocyte to mature
into an allergen-specific IgE inmunoglobulin-?ecreting
plasma cell (f ). Allergen-specific IgE antibcxlies are
absorbed onto the surface of a mast cell (g)
(sensitization). B. Allergen stimulation of mediator
release. Allergen is absorbed and reacts with the
sensitized mast cell (g) causing the cross-linking
of .IgE antilxxiy. The mast cell degranulates (i) and
mediators are released (j).

a.

<t
b.

B
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Provocative testing, the direct administration of the
allergen to the respiratory mucosa in the case of respiratory
allergy (nasal, conjunctiva, and bronchial), and subsequent
observation of target-organ response, is sometimes used as an adjunct
to skin testing in selected patients.

A major advantage of this

technique over skin testing is that it allows more precise
identification of clinically important allergens, . especially in
patients with a large number of positive skin tests [20].

Major

disadvantages of this technique include the limitation of one allergen
per test session, the imprecise quantification of response, the
difficulty in standardization of each allergen, and the possible
production of severe symptoms such as a marked bronchospasm following
bronchial challenge in patients with severe asthma [20].

Provocative

testing may be used to confirm cases of food allergy, where
double-blind-controlled food challenges are performed to supplement
unsatisfactory food skin tests.
The RAST test is a radioirrmunoassay which measures
allergen-specific IgE [10].

The assay consists of three major steps:

1) the allergen is coupled to a cyanogen bromide activated solid

phase support; 2)

~he

serum is added, and IgE, if present, binds

to the allergen on the solid phase support; 3) radiolabeled
125
1-antihuman-IgE globulin is then added; and the amount of
allergen-specific IgE is determined from the amount of radioactivity
remaining after washing the unlX>und radioactive antihurnan-IgE away
from the solid sup{X)rt (Fig. 2) [10].

Fig. 2.

Radioallergosorbent test (RAST). The allergen of
interest, covalently coupled to a paper disc, is reacted
with patient sera (A). TI-le specific IgE to the allergen
of interest in the patient's sera binds to the disc (B).
After nonspecific IgE is washed away, radiolabeled
·anti-IgE antibodies are added (C) which form a complex
(D), which after washing away excess radiolabeled
antilxxiy can be measured in a garrma counter in counts
per minute (cpm). High concentrations of specific IgE
antibody in patient's sera would result in high cpm
measured.

•

6

A patient's IgE level is often determined using the PRIST assay

[20].

'Illis test is used mainly by clinicians to monitor the patient's

potential for

i~n1ediate

hypersensitivity, and it may also reflect the

effectiveness of desensitization [20].

'Ille PRIST test is a

radioirrrnunoassay which measures IgE binding to anti-human IgE
antitxxlies which are covalently lx>und to a paper disc.
B:lsic Principles of Therapy for Allergic Disease
Tiie treatment of patients with allergic disease should be
individualized, based upon the general principles of avoidance of
allergens and irritants, judicious use of pharmacological therapy,
and, if indicated, the administration of immunotherapy
(hyposensitization) [20].

This individual approach can be adjusted

according to the intensity, discomfort, and severity of the allergic
disease, as well as the inconvenience, cost, sources, possible adverse
effects, and prognosis for success of treatment.
Conventional hyposensitization treatment of allergic patients
suffering from hay fever to a given pollen consists of a series of
injections of the whole aqueous extract of the pollen [13].

A problem

reported with this form of treatment is the injection of a complex
antigen preparation which may result in the sensitization of patients
to some component(s) of the extract to which they may not have been
sensitive prior to treatment [13].

The most desirable form of

hyrx:>sensitization treatment would be to treat the patient with a
purified and well-characterized fraction(s) of the extrpct that

7

is (are) devoid of comix:inents to which the patients are not
sensitive [1].
Another proposed form of therapy reported is the administration
of hapten like fragments to inhibit multivalent allergen
cross-linking of cell-fixed IgE [12, 13].

TI-le hapten

fragment would contain only a single allergenic determinant of the
complete allergenic molecule.

These univalent comix:iunds would

then be expected to bind to the Fab regions of the IgE antibodies and
thus inhibit the combination of IgE antibcx:iies with the offending
multivalent allergen [12,13].
II.

.M=thcxis for the Olaracterization and Standardization
of Allergenic Extracts

Allergenic extracts have been in use for over 70 years for the
diagnosis and therapy of various allergic disorders [28,33].

TI-iese

extracts are obtained from a large number of substances believed to
contain antigens thought to be allergenic.

Although allergenic

extracts have long been in use, many questions remain unanswered about
the safety, quality, and effectiveness of all but a few extracts [1].
The need for characterization and standardization of allergenic
extracts used for clini cal diagnosis and treatment is obvious and
undisputable [1,2,12,28,33].

Only limited attempts at achieving

standardization has as yet occurred.

Problems with standardization

include differences in materials and diagnostic procedures,
terminology, and principles for the evaluation and recording of
results.

8

A standard extract is defined as one which contains a measured
amount of specific allergen, the allergenic potency of which can be
reproduced with lot-to-lot consistency [1,28].

One problem in

standardization is the availability of a reference extract for
comparison with each new lot of extract prepared.
'Ihe use of standardized extracts may improve the accuracy and
reliability of diagnosis and treatment of allergiG disease [1].
Such extracts would aid in the identification of skin reactive
individuals versus those with allergic disease [28].

Inrnunotherapy

(hyposensitization) may improve due to accurate quantification of
constituents responsible for allergenic reactivity.

Stability studies

would be more meaningful with standardized extracts and would enable
better expiration dating.

The purification and characterization of

the allergenic components in extracts would contribute not only to the
safety of allergenic extracts but also provide a reference to compare
and standardize extract preparations [28,29].
Separation of Antigenic G::xnponents of Pollen Extracts
Allergenic extracts are purified using protein chemistry
techniques:

isoelectric focusing, gel filtration, ion exchange

chranatography, two-dimensional electrophoresis, dialysis, filtration,
etc.; or irrmunochemical techniques:

Ouchterlony analysis (double

diffusion), crossed irrmunoelectrophoresis, tandem-crossed
irrrnunoelectrophoresis, affinity chromatography, etc. [30,34].
The desired components of allergenic extracts are all of the
)

major and minor allergens of the original material present in a

9

chemically defined system with all non-allergic material and irritants
being absent [1].

The use of many different separation techniques may

be required to achieve the stated level of characterization.
1£tection of the Allergenic Canponents in Pollen Extracts
Allergenic components in pollen extracts can be detected by
utilizing allergic patient sera and techniques to detect the binding
of lgE to the specific allergens.

Very sensitive techniques are

required to identify allergenic components due to the low
concentration of lgE in human serum (Table 1) [20].

Crossed

radioinmunoelectrophoresis (CRlE), autoradiography of isoelectric
focusing gels, etc., are techniques which allow the identification
of the allergenic components in a complex mixture of antigens

[2,3,12,14, 18,25,27,33,35].

These techniques utilize an anti-human

lgE antibody which is labeled with radioactive
Autoradiographic methods are time-consuming.
are often blurred and difficult to read.

125

1

c125 1-anti-IgE).

The resulting patterns

There is a need for a faster

technique with high resolving power to detect and quantitate allergens
in allergenic extracts.
D2tection of Cross-reactivity Between Pollen Extracts
of Different Species
Antigenic and allergenic cross-reactivity has been reported with
many different types of allergens [12, 15,17,31].

Antigenic

cross-reactivity can be determined by various irrmunochemical
)

techniques:

OJchterlony analysis (double diffusion), rocket

10

TABLE 1
IMMUNOGLOBULIN COMPOSITION OF HUMAN SERUM

IMMUNOGLOBULIN (lg)

Reference:

SERUM CONC. (mg/dl)

% TOTAL lg

IgG

1000

lg A

200

10-15%

IgM

120

5-10%

IgD

3

0. 2%

IgE

0.05

0.002%

85%

Lawlor, G. J.; Fischer, T. J. M:mual of allergy and
imnunology. Waltham, MA: Little, Brown and Company; 1981.

11

irrrnunoelectrophoresis, tandem-crossed irrmunoelectrophoresis, etc.
1hese techniques are based upon a precipitation reaction which occurs
in an agar gel if antisera produced against one antigen canes in
contact with a cross-reactive antigen.
The detection of allergenic cross-reactivity can also be
determined by the RAST inhibition or {X)lystyrene tube radioimmunoassay
(PTRIA) [31].

These assays both use competitive . .inhibition to

evaluate if the specific allergen-antilxxiy reaction is cross-reactive.
'Illis inhibition by the cross-reactive allergen reduces the binding of
the original allergen to which the antil:xxly was made.

SECTION I
ISOLATION AND CHARACTERIZATION OF THE CROSS-REACTIVE
ANTIGENIC AND ALLERGENIC CO.MPONENTS IN CALLISTEMJN CITRINIS AND
MElALEUCA QUINQUENERVIA POLLEN BY IMMUNOCHEMICAL METHODS I
I. Abstract
Antigenic extracts obtained from Bottlebrush (Callistemon
citrinis) and M=laleuca

(~laleuca

quinquenervia} pollen were analyzed

by crossed irrmunoelectrophoresis (CIE), tandem-crossed
immunoelectrophoresis (1CIE), and trans-blot enzyme-linked crossed
immunoelectrophoresis (1ECIE).

CIE analysis detected 14 and 12

antigenic comPJnents in Bottlebrush and

~laleuca,

respectively.

TCIE analysis of I3ottlebrush pollen, employing rabbit

anti-~laleuca

serum in the intermediate gel, demonstrated that all of the antigenic
components detected were cross-reactive.

Similar analysis of

M=laleuca using rabbit anti-I3ottlebrush serum in the intermediate gel
also showed that all of the antigenic components were cross-reactive.
At least three 13ottlebrush and

t~

M=laleuca cross-reactive pollen

components were demonstrated to be allergenic by TECIE analysis.
II.

Intrcxiuction

Increased interest in the study of allergen extracts and the
determination of which comp:>nents of these extracts are allergenic
has occurred during the past 10 years [28].

'Ihis interest has been

stimulated by the development of new inrnunochemical techniques
to facilitate the separation of antigens and the detennihation

12
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of which antigenic components are actually allergenic [6].
Unfortunately, the majority of current research in allergen
characterization has been restricted to the major allergens which are
widely distributed [5,6,8,22].

Allergens found only in specific areas

and antigens not corrmonly thought to be responsible for allergic
reactions have not been well studied.
Allergenic cross-reactivity among pollens of related species
of trees and grasses is documented [6].

Individuals allergic to one

grass or tree pollen may also suffer from allergic reactions following
exposure to other grasses or trees not indigenous to the locale where
the sensitizations occurred [12].
Callistemon citrinis and M2laleuca quinquenervia, more commonly
known as Bottlebrush and M2laleuca, respectively, belong to the family
Myrtaceae and are found throughout F1orida but are concentrated in the
southern regions of the state since they are sensitive to cold.

Tiiere

are literally forests of M2laleuca trees in the Florida Everglades.
Ille M2laleuca trees were originally transported to F1orida from
Australia [26].
It has previously been reported that an aromatic chemical
substance ·cnot pollen) of M2laleuq:1 is responsible for "causing
widespread misery" [26].

It is not known whether the pollen or other

substances contain the allergenic reactivity.

1he need for

characterization of the allergenic components in M2laleuca is obvious.
For many years, allergists have speculated that Bottlebrush

a'rrl

M2laleuca pollens might have very similar or cross-reactive allergenic

14
components.

This speculation is based upon the clinical observation

that most patients who were skin test reactive to

~laleuca

were also found to be reactive to Bottlebrush pollen.

pollen

A very high

degree of cross-reactivity between the allergenic components of these
two pollens would provide an explanation for the clinical observation.
Allergen extracts are used clinically for allergen-specific
diagnostic tests perf onned either in vitro or in vivo [3, 22].

'·

Examples of in vitro testing include RAST and FAST analysis, etc.
Examples of in vivo diagnostic tests include lx>th skin and provocative
testing.

An

allergen extract in which all the allergenic components

are known arrl accurately quantified is needed for clinical use to
ensure quantification of allergen testing and treatment.

A highly

specific extract would also eliminate the injection of extraneous
materials during desensitization [19] .
.Crossed radioirrmunoelectrophoresis (CRIE) has been used for
the determination of the allergenic bands detected in CIE analysis
[2,3,12,14, 18,27,33,35]0

CRIE requires the use of autoradiography

which involves a lengthy development time after incubation with sera
125
obtained from allergic patients and
1 labeled anti-human IgE
antilxx:lies.

Distinct precipitates. which produce radiostaining in

CRIE may represent distinct allergens [24,37].

TI-le use of trans-blot

electrophoresis applied to CIE has also been used for this purpose
[16].

A modification of this technique, called trans-blot

enzyme-linked crossed immunoelectrophoresis (TECIE), identifies

15

allergenic bands in CIE patterns in minutes after incubation with
a horseradish peroxidase enzyme-linked anti-human IgE antilxxly.
'Ihe purpose of this study was to evaluate, with CIE and TCIE,
the cross-antigenicity between Ibttlebrush and M2laleuca pollen.
TECIE analysis was utilized to determine which, if any, of the
cross-reactive antigenic components are allergenic.
III.

Materials and t1=thods
Allergen Extracts

Pollen from M2laleuca and Ibttlebrush trees was obtained by
removing and collecting the anther portion of the whole flower.

Five

grams of pollen material were dried, ground into a very fine po\\der
in a Wiley Mill grinder (50 mesh), defatted in a Soxhlet extractor
with 200 ml diethyl ether, and air-dried for 24 hours.

Four

individual extractions were perfonned on the defatted pollens
for 48 hours at 4 degrees C (Fig. 3).

'Ihe first three extractions

were water extractions and used 200 ml distilled water at pH 7.00,
10.00, and 2.00, respectively, adjusted with 1.0 M HCL and 1.0 M NaOH.
'Ihe fourth extraction was perfonned in 200 ml 0.005 M arrmonium
bicarlnnate at pH 7.8.

'Ihe incubated extracts were centrifuged at

40,000 x g for 20 minutes.

The resultant supernates were filtered

using 0.65, 0.45, and 0.22 micron millipore filters.

Filtered

material was lyophilized and stored at -20 degrees C until use.
Four different extracts of each pollen were produced (Fig. 3).

Fig. 3.

Preparation of antigenic extracts from Bottlebrush and
~laleuca pollen.
Extracts labeled as follows:
N =neutral, B =basic, A= acidic, and NH4 = armx:>nium
bicarlxmate.

Collect Pollen
and

Dry , then

Grind Into Powder

I
Def at with diethyl ether
(Soxhlet Extractor)

l
Extract With

Water

Or

Buffer

4

Ammonium
1

pH= 7 .0

1

2

3

pH= 10.0

pH=2.0

l

1

bicarbonate 0.0SM

1

Collect Super note

l

l
Filter

I
I
N (B or M)

J
3X

I
I

(0 .65, 0.45,0.2 2't)

I
I

Lyophilize Extracts

B (B or M)

1

A (BorM

I
I
NH4 (BorM)

17

Rabbit Antisera
Antisera toward Bottlebrush and M2laleuca pollens were prepared
in rabbits.

Intramuscular injections were performed in the flanks

every two weeks for six weeks, then once a month thereafter.

The

first injection contained 20 mg of the crude def atted pollen
triturated into a solution of 1 ml of phosphate buffered saline (PBS).
All subsequent injections contained 2 mg of the amnonium bicarbonate
extracted material (NH4B or NH4M) in a volume of 1 ml containing equal
parts of Freund's complete adjuvant and PBS.

Subcutaneous injections,

performed at various times between adjuvant injections, used 0.01 ml
of a solution containing 2 mg of extracted antigen per ml PBS.
Rabbits were bled seven-nine days following each adjuvant injection.
Sera for each antigen were collected from at least t"MJ rabbits and
pooled for iITTTIUnochemical analysis.
Human Serum
Human serum samples were collected from patients who were
designat ed as allergic or non-allergic based upon clinical testing.
Patients were considered to be allergic if skin test results using
Bottlebrush and M2laleuca pollen extracts were 2+ or greater using a
grading system presented in Table

2~

Patients were considered

non-allergic if skin test results were 0.
RAST Analysis
Allergosorbent discs (solid-phase allergen) were prepared by
)

coupling each of the four pollen extracts of

~laleuca

and Bottlebrush
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TABLE 2

GRADING SYSTEM FOR SKIN TESTS

GRADE

a

ERY'IHEMA (rrrn )

WHEAL (mm)

0

<5

<4

±

5-10

5-10

1+

11-20

5-10

2+

21-30

5-10

3+

31-40

10-15a

4+

>40

>15b

or pseudopods.

bor with many pseudopods.
Reference:

Rose, N. R.; Friedman, H. Manual of clinical irrmunology,
2d ed. Washington, D. C.: American Society for
Microbiology; 1980.
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to cyanogen bromide activated Whatman #44 filter paper discs and
used for RAST testing [10].

Activated discs were incubated with

100 micro iters of either allergic or nonallergic patient sera for
. h t in
. 50 micro
.
1.iters of 125 r
3 hours, was hed , and incu ba te d overnig
labeled goat anti-human IgE.

Counts per minute were then measured

in a Picker (Spectroscaler 4R) garrma counter.

All discs were analyzed

in duplicate.
Crossed Irrmunoelectrophoresis
Crossed

immunoelectrophore~is

(CIE) was performed using

7.5 x 7.5 cm glass plates covered with Gel-Eond (Bio-Rad), and
1% agarose dissolved in 0.02 M Veronal buffer, pH 8.6,
containing 0.005 M calcium lactate and 0.05 M scxiium azide [23,36].
Five microliter samples of either crude Bottlebrush or M=laleuca
pollen extract (10 mg/ml) were subjected to electrophoresis in the
first dimension at room temperature for 25 minutes at 10 V/cm.
The second dimension electrophoresis was perfonned at room temperature
2
for 16-20 hours at 2 V/cm with 20 microliters of rabbit antiserum/cm
gel.

<£ls were deproteinized for 24 hours in PBS, pressed under

filter paper, dried, and stained with Coomassie Brilliant Blue R-250
(Eastman) [13].
Tandem-crossed Irrrnunoelectrophoresis
Tandem-crossed irrmunoelectrophoresis (TCIE) was performed with
two gel sections containing different antisera [4, 19].
allowed the comparison of these antisera.

This technique

This technique >was used to
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determine which antigens were cross-reactive.

TCIE was performed, as

previously described, for CIE with the addition of 20 microliters of
antiserum/cm2 in the intermediate gel.
Trans-blot Enzyme-linked Crossed Inmunoelectrophoresis
Trans-blot enzyme-linked crossed immunoelectrophoresis (1ECIE)
is trans-blot electrophoresis applied to CIE and tandem-CIE gels,
as previously described [25], with the following Cnoclifications:
washed nitrocellulose membranes, which were previously incubated in a
1 to 5 dilution of allergic human serum for 15-18 hours, were
incubated for 3 hours in a 1 to 3000 dilution of goat anti-human
IgE (Epsilon chain specific) horseradish peroxidase labeled serum.
The sheets were developed according to the Bio-Rad Imm.mo-blot assay

[7].
IV.

Results

RAST Analysis
RAST analysis of Bottlebrush and

~laleuca

extracts demonstrated

binding of IgE to all eight extract types using allergic patient sera
(Fig. 4).

lhe acid extracts of Bottlebrush and M2laleuca bound

between 1700 and 1800 counts per minute (cpm) using serum from
allergic patients.

1hese cpn values for the acid extracts were

400-1200 cpm less than any other extract type.

Arrrnonium bicarbonate

extracts of lx>th Bottlebrush and M=laleuca pollen lx>und between 2800
and 3200 cpm which were as nuch as or greater cpn · than any other ·
)

extract type.

RAST analysis of the pollen extracts using non-allergic
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patient sera showed very low levels of IgE binding because cµn values
ranged between S00-700 for all extract types.
Crossed Irrrnunoelectrophoretic Analysis
'Ille patterns obtained using hyperinITiune rabbit antisera to
the respective p:::>llen in CIE analysis of NH4B and NH4M antigenic
extracts are in Figures SA and 6A.

In all cases, the anode is

represented on the left side of the gel while the cathcxle is on the
right.

M:iny antigenic comp:::>nents were detected after protein staining

of the CIE-plates.

Schematic drawings of the CIE patterns with

individually numbered precipitates show the presence of at least 14
and 12 antigenic components in NH4B and NH4M extracts, respectively
(Figs. SB and 6B).
Tanden-crossed Irrrnunoelectrophoretic Analysis
Patterns obtained with TCIE analysis of NH4B and NH4M are in
Figures 7A and BA.

All of the visualized antigenic components of NH4B

precipitated in the intermediate gel which contained antiserum to
~laleuca

pollen (Fig. 7).

TCIE analysis of NH4M also detected

precipitin bands in the intermediate gel when analyzed with antisera
to Bottlebrush pollen in the tandem gel (Fig. 8).
Trans-blot Enzyme-linked Crossed Irrrnunoelectrophoretic Analysis
Analysis of the CIE patterns of NH4B and NH4M extracts utilizing
TECIE are in Figures 9 and 10.

IgE from allergic patient sera was

shown to be reactive to precipitin bands 2, 3, and 4 of the CIE of
NH4B since these were the only bands that developed after incubation
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with horseradish peroxidase labeled goat anti-human IgE (Fig. 9).
Similar analysis of the CIE of NH4M demonstrated that precipitin bands
1 and 2 bound IgE from allergic patient sera (Fig. 10).
Analysis by TECIE of the TCIE pattern of NH4B extract
demonstrated that precipitin bands 2, 3, and 4, in the intermediate
gel developed with rabbit anti-M2laleuca serum, also bind IgE
(Fig. 11 A and B).

Similar analysis of NH4M, detected that precipitin

bands 1 and 2, which occurred in the intermediate gel containing
rabbit anti-Eottlebrush serum, bound IgE fran allergic patient sera
(Fig. 12 A and B).

Fig. 4.

RAST analysis of Bottlebrush and ~laleuca pollen
extracts·. Solid bars represent allergens analyzed
with allergic patient sera (black: NH4B and NH4M,
white: all other extracts). Cross hatched bars
repr~sent allergens analyzed with non-allergic patient
sera~
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Fig. 5.

Crossed irmrunoelectrophoresis of the anmonium
bicarbonate extract of Bottlebrush (NH4B) against
hyperirmrune rabbit antisera to Bottlebrush.
A. Photograph. B. Schematic representation of NH4B CIE.

A.

B.

Anti-bot

1

0
.

)

Fig. 6.

Crossed irrmunoelectrophoresis of the anmonium
bicarbonate extracts of M=laleuca (NH4M) against
hyperirrmune rabbit antisera to ~laleuca.
A. Photograph. B. Schematic representation of NH4M CIE.

A.

.

B• .

/

Anti-me I

1

0

Fig. 7.

Tandem-crossed irrmunoelectrophoresis of the arrmonium
bicarbonate extract of Bottlebrush (NH4B) against
hyperinmune rabbit antisera to M21aleuca in the tandem
gel and Bottle brush in the second dimension gel.
A. Photograph. B. Schematic representation of TCIE
of NH4B with numeration as in Figure 5.

A•.

B.

Anti-bot

Anti-me I

10

0

Fig. 8.

Tandem-crossed irrrnunoelectrophoresis of the arrrnonium
bicarbonate extract of M=laleuca (NH4M) against
hyperirrmune rabbit antisera to Bottlebrush in the tandem
gel and M=laleuca in the second dimension gel .
A. Photograph. B. Schematic representation with
numeration as in Figure 6.

A.

B.

Anti-mel

1

Anti-bot

0

Fig. 9.

Trans-blot enzyme-linked crossed inmunoelectrophoresis
of the amnonium bicarbonate extract of Bottlebrush

(NH4B).
A. Photograph.

B. Schematic representation with
numeration as in Figures 5 and 7.
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Fig. 10.

Trans-blot enzyme-linked crossed inmunoelectrophoresis
of the arrmonium bicarbonate extract of Melaleuca
(NH4M).

A. Photograph. B. Schematic representation with
numeration as in Figures 6 and 8.

A.

B.
11

I
I

I

Fig. 11.

'!rans-blot enzyme-linked crossed inmunoelectrophoresis
of TCIE of the arrmonium bicarbonate extract of
Bottlebrush (NH4B).
A. Photograph. B. Schematic representation with
numeration as in Figures 5 and 7.

B.

~

0

Fig. 12.

Trans-blot enzyme-linked crossed inmunoelectrophoresis
of TCIE of the anmonium bicarlxmate extract of
~laleuca (NH4M).
A. Photograph. B. Schematic representation with
numeration as in Figures 6 and 8.
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V.

Discussion

RAST analysis of pollen extracts demonstrated that the anmonium
bicarbonate extracts of both Bottlebrush (NH4B) and l'12laleuca (NH4M)
pollen contained as much or greater allergenic reactivity than any of
the other extract types when using specific allergic patient sera.
These extracts, NH4B and NH4M, were therefore selected for further
characterization.
The identification of antigens within a complex mixture of
components, such as IX>llen extracts, has been greatly facilitated by
CIE and variations of this technique [12].

CIE analysis of the NH4B

and NH4M extracts utilizing ·antilxxlies raised in rabbits demonstrated
that the

t~

pollens contain multiple antigenic components.

TCIE

analysis indicated that these pollen antigens are cross-reactive.
This conclusion is reached because precipitin bands were detected
in the tandem gel containing sera to the opposite pollen demonstrating
a strong reaction with antisera raised to the other antigen.
The use of an enzyme linked anti-humah IgE in detection of
allergic components in CIE patterns trans-blotted to nitrocellulose
membranes has not been previously reported.

This technique is very

sensitive and has a 50 picogram detection. limit [7].

TECIE detects

allergenic bands in inmunoprecipitates faster than CRIE.

IA=!velopnent

time after incubation with anti-human IgE horseradish peroxidase
labeled antilxxlies is less than an hour.

The potential of this

technique for aid in rapid detection of allergenic components .in CIE
analysis is obvious.
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Problems have been reported to occur with the detection of
allergenic components in precipitin bands.

It has been previously

demonstrated that precipitates may contain trace amounts of
allergens due to coprecipitation if they are positioned in areas
enclosed by precipitates of these allergens [3].

'Illerefore,

precipitin bands 3 and 4 using TECIE of the NH4B extract might contain
enough trace amounts of precipitin band 2 to bind IgE and, therefore,
appear allergenic.

Similar examination of NH4M trans-blot patterns

indicated that band 2 might contain trace amounts of band 1 and,
therefore, bind IgE and appear allergenic.
Distinct antigenic components of t\\O different pollen antigenic
extracts may carry identical allergenic determinants giving rise to
IgE cross-reactivity [3].
and

~laleuca

'Illese antigenic components of lbttlebrush

appeared to have a different overall structure when

analyzed by CIE; but, due to the extensive cross-reactivity observed
by TCIE, the actual antigenic determinants which make up the antigenic
components of these tY.D pollen extracts appear to be very similar,
if not identical.

'Ille question still remains whether or not the

allergenic components identified by TECIE are actually cross-reactive.
RAST inhibition analysis, which is presently under study, could
possibly provide an answer to this question.

SECTION II
ISOLATION AND CHARACTERIZATION OF THE CROSS-REACTIVE
ANTIGENIC· AND ALLERGENIC COMPONENTS IN CALLISTEMJN CITRINIS AND
MEI.ALEUCA QUINQUENERVIA POLLEN BY IMMJNOCHEMICAL METHODS II
I. Abstract

Aqueous extracts ·of both Bottlebrush (Callistemon citrinis) and
M2laleuca (M2laleuca quinquenervia) were analyzed for allergenic
cross-reactivity.

RAST inhibition analysis was performed on arnnonium

bicarlx>nate extracts of Bottlebrush (NH4B) and
pollen.

~laleuca

(NH4M)

RAST inhibition analysis demonstrated that the extracts

contained allergenically cross-reactive components.

Sephadex G-100

column chranatography of NH4B and NH4M extracts resulted in at least
four distinct peaks for each extract analyzed.

1hese fractions were

designated NH4B1 thru NH4B4 and NH4M1 thru NH4M4.

Utilizing a

modified dot-blot assay for detection of allergenic components, the
first elution peaks of Bottlebrush and

M2lal~uca,

NH4B1 and NH4M1,

respectively, were found to contain allergenic components.

The

allergenic components of NH4B1 and NH4M1 had estimated molecular
weights of 50,000 and 35,000 daltons, respectively.
II.

Introduction

Antigenic cross-reactivity between Bottlebrush (Callisternon
citrinis) and M2laleuca

(~laleuca

demonstrated (SECTION I).

quinquenervia) has been

Also, trans-blot enzyme-linked crossed

imnunoelectrophoresis (TECIE) demonstrated that the visualized
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precipitin bands obtained by crossed irrmunoelectrophoresis (CIE)
and tandem-crossed irrmunoelectrophoresis (TCIE) contained allergenic
activity (SECTION I).
Allergenic cross-reactivity among pollen allergens has been well
documented [6, 12,17,21,22,32].

Cross-reactivity between allergens

can be demonstrated using RAST inhibition assays [6].

RAST inhibition

studies have previously indicated that clustering of
hypersensitivities to plant material exists due to the presence of IgE
antilxxiies which cross-react with several antigens [17].
1he research reported here further substantiates the allergenic
cross-reactivity between the ammonium bicarbonate extracts of
Bottlebrush (NH4B) and

~laleuca

(NH4M) pollen and further

characterizes the allergenic components.
III.

M:iterials and M2thoos

RAST and RAST Inhibition
Antigen extracts, rabbit antisera, and specific patient sera were
obtained as outlined in SECTION I.

RAST inhibition was perfonned

using the method of Gleich et al. [16] with the following
modifications.

&:>th NH4B and NH4M allergen extracts were bound to

Sepharose-4B before incubation with allergic sera [21].

Five 2-fold

dilutions were made of a mixture of 1 ml of packed Sepharose-antigen
)

(~pharose-ag) in 1 ml of RAST diluent (1 to 2 - 1 to 32) of both

Sepharose-~laleuca (Sepharose-MEL) and Sepharose-futtlebrush
(Sepharose-~T).

After centrifugation at 700 x g for 10 minutes,
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the diluent was removed from the Sepharose-ag mixtures and 1 ml
of allergic sera diluted 1 to 2 was added to each dilution of
Sepharose-ag.

The tubes containing the Sepharose-ag and human serum

mixtures were rotated, incubated at 4 degrees C for 24 hours and
centrifuged at 5,000 x g for 5 minutes.
RAST analysis was perfonned [10].

1he sera was collected and

The percent inhibition of IgE

binding in RAST analysis was calculated according to the following
fonnula:
cµn (0) - cpm

(x)

% Inhibition = ------------------ X 100
cpm (0) - cµn (n)
where cpm (0)

= the

cpn obtained with uninhibited sera; cµn (n)

= the

radioactivity bound to the discs incubated with a normal control serum
containing no IgE antibcxiies to the allergens, and cprn (x)
obtained with inhibited sera [21].

= cµn

Phadabas RAST Unit calculations

(PRUs) were calculated (Phannac ia Diagnostics, Uppsala, Sweden).
Sephadex G-100 Clrranatography
Gel filtration was perfonned at roan . temperature using Sephadex
G-100 equ~librated with 0.025 M Tris buffer pH 7.5 and packed into
a glass colllllil1 (2. 5 x 90 cm).
blue dextran.

The void volume was calibrated using

'I\venty mg of either the NH4B or NH4M lyopholized

·extract mixed with 2 ml of Tris buffer was applied to the column.
Eighty 3 ml fractions were collected at a flow rate of 10 ml/hr and
monitored at 277 nm.
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~lecular

Weight

~terminations

Approximate molecular weights were calculated using a Sephadex
G-100 column calibrated with the following standards:

bovine gamna

globulin (158,000 daltons), bovine serum albJ.min (67,000 daltons),
myoglobin (17, 000 dal tons), and vitamin B- l2 (1,350 daltons).
~lecular

weights were estimated fran the elution positions of the

antigens as compared to the elution positions of the standards.
Protein Blotting
Inmuno-Blotting was performed as by Bio-Rad [7] except for the
following mcx:lif ication.

A rncx:iif ication of Irmruno-Blotting, called

Allergo-blot, was used to detect which of the NH4B and NH4M pollen
extract fractions obtained with Sephadex G-100 chromatography
was (were) allergenic.

Allergo-blot analysis of gel filtration

fractions was performed by blotting 1 microliter of each G-100
fraction onto a nitrocellulose membrane previously lined with a
6 x 6 mn grid.

Unbound sites on the membrane were blocked with 3%

gelatin and Tris buffered saline (TBS) solution and incubated for
18-20 hours in a 1 to 4 dilution of allergic patient sera in 1%
gelatin and TBS.

Thro 10-minute washes using 100 ml TBS were performed

on the membranes before incubating for 3 hours in sheep anti-human IgE
(epsilon chain specific) peroxidase labeled antil:xxlies (United States
Biochemicals, CEt. rb. 1177H) diluted 1 to 3000 in 1% gelatin and TBS.
Cord blcx:xi (human fetal cord serum) was obtained and used as a
negative control.
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IV.

Results

Q:rnpetitive Inhibition Studies Using RAST Analysis
The ability of Sepharose l:x:mnd

~laleuca

and Ibttlebrush antigens

to compete with NH4B and NH4M RAST discs for binding of al]ergic
patient IgE was studied using the RAST inhibition assay (Table 2.'.).
The % inhibition of IgE binding to NH4M and NH4E RAS1' discs decreased

from 69 to 6% and 82 to 1%, respectively,.· with decreasimg
concentrations of Sepharose-MEL (Figs. 113 and 14.).

Similar decreases

in the 9% inhibition -were observed for varying concent.ra1tions <Df
Sepharose-BOT.

These decreases in % inhibition of IgE bindd.ng raQged

from 84% to 18% using NH4B discs and 70% to 3% usimg NH4M discs
(Figs. 13 and 14)..

Sepharose-BOT and Sepharose-MEL appeared to have

almost equivalent ability to inhibit the lbinding of al]ergic patient
IgE to either NH4B or NH4M RAST discs arrl, as the dilution of tlhese.
Sepharose-ag(s) increases, the '% inhibition. decreases
(Figs. 13 and 14) .

The maximum inhibitions were observed at the

highest concentrations of Sepharose-ag Cs) and were approxiililately 70%

for RAST analysis using NH4M discs and 80% using NH4rB discs.

Im.

contrast, when Sepharose bound human serum aUnmin {sepharose-HSA)
was used as a control, the ~ST analysis using NH4M and NH4ID discs

showed only 25% and 29% maximal inhibition, respectively.

CoritroI

Uriabsorbed

2
4.
8
16
32

Sepharose-HSA

4
8
16
32

Sepharose-BOT
2

2
4
8
16
32

Sepharose-MEL

Neg~-

SERA

2

2

2517

1
1
1
2

1/0
1
1
2
2

1/0
1/0
1
2
2

0

score

2007
2085
2168
2432
2508

1052
1373
1670
2340
2446

1089
1313
1606
2347
2393
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cpm

1.00

0. 72
0. 79
0.84
1.07
1. 11

0.22
0.37
0.50
0.93
1.08

0.23
0.34
0.46
1.00
1.02

0. 1

pru

NH4M

25%
21%
17%
04%
01%

70%
55%
41%
09%
03%

69%
58%
44%
08%
06%

% inhib

I

-

- - - - - - - · -- - - -

- -

-

996
1479
1519
1q65
2583

3027

2316
2513
2880
2947
3005

-

1042
1461
1599
1685
3006

606

cµn

ALLERGEN DISCS

2

2
2
2
2
2

2

1

1

1/0
1

1
1
2

l

1/0

0

1.62

0.96
1. 12
1.46
1.55
1.60

0. 19
0.41
0.43
0.49
1.60

0.21
0.41
0.46
0.50
1.08

0. 1

pru

NH4B
score

CDMPETITIVE INHIBITION OF NH4M OR NH4B BINDING 'IO IgE
BY VARYING CONCENTRATIONS OF SEPHAROSE BOUND ANTIGENS

TABLE 3

29%
21%
06%
03%
01%

84%
64%
62%
56%
18%

82%
65%
59%
55%
01%

% inhib

"°

w

Fig. 13.

Inhibition of patient IgE binding to NH4B RAST discs by
varying concentrations of Sepharose bound antigens.
Sepharose-BOT (Squares), Sepharose-MEL (Triangles),
and Sepharose-HSA (Circles).
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Inhibition of patient IgE binding to NH4M RAST discs by
varying concentrations of Sepharose bound antigens.
Sepharose-MEL (Squares), Sepharose~BOT (Triangles),
and Sepharose-HSA (Circles).
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Separation of Antigenic Components
by Sephadex G-100 Chranatography
Four peaks from each of the elution profiles, termed NH4B1 thru
NH4B4 and NH4M1 thru

NH4~,

respectively, were separated by gel-

chromatography and detected by monitoring absorbence at 277 nm
(Figs. 15 and 16).
Protein Blotting of Sephadex G-100 Fractions
In the schematic representations of the immuno-blots of the G-100

fractions of NH4B and NH4M using rabbit antisera to the respective
pollen, each square represents a fraction obtained from Sephadex G-100
chromatography.

Those squares designated with a circle irrlicate

fractions containing antigenic reactivity to either rabbit
anti-Pottlebrush or
anti-rabbit IgG.

anti-~laleuca

serum detected with goat

Peaks NH4B1, NH4B2, NH4B3, and NH4B4

~re

shown

to have antigenic activity when incubated with rabbit anti-Eottlebrush
serum (Fig. 17).

Peaks NH4M1 and NH4M2 were also shown to contain

antigenic activity when incubated with rabbit anti-M2laleuca serum
(Fig. 18).
Schematic representation of the allergo-blots of the G-100
fractions of NH4B and NH4M using allergic patient sera and goat
anti-human IgE demonstrated that the NH4B1 and NH4M1 peaks contain
allergenic reactivity (Figs. 18 and 19) •
.M::>lecular

~ight ~terminations

The molecular weights of the allergenic peaks were estimated by
comparing them with standards run on the same column.

The peaks,
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NH4B1 and NH4M1, were absorbed on the column.

They were eluted from

the colunm between the bovine serum albumin (67,000 daltons) and
myoglobin (17,000 daltons) standards.

The estimated molecular weights

of NH4B1 and NH4M1 peaks are 50,000 and 35,000 daltons, respectively.

Fig. 15.

Separation of proteins in the arrmonium bicarl:x::>nate
extract of Bottlebrush (NH4B) by Sephadex G-100
column chromatography. Arrows indicate the elution
fractions of the following standards:
bovine gamna globulin (BGG), bovine serum albumin
(BSA), myoglobin (~), and vitamin B-12 (B-12).
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Fig. 16.

Separation of proteins in the arrmonium bicarbonate
extract of ~laleuca (NH4M) by Sephadex G-100
column chromatography. Arrows indicate the elution
fractions of the same standards presented in Fig. 15.
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Fig. 17.

Irrmuno-blot analysis of the Ibttlebrush (M14B)
fractions obtained with gel filtration.
A. Photograph. B. Schematic representation of A
with intensity of color reactions designated for
each fraction as following:
() very light dot,
CD light dot, ()medium dot on left side of
elution peak, () medium dot on right side of elution
peak'
dark dot.
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Fig. 18.

Irrmuno-blot analysis of the ~laleuca (NH4M)
fractions. obtained with gel filtration.
A. Photograph. B. Schematic representation
using symbols as in Fig. 17.
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Fig. 19.

Allergo-blot analysis of the Bottlebrush (NH4B)
fractions obtained with gel filtration.
A. Photograph. B. Schematic representation using
symbols as in Fig. 17.
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Fig. 20.

Allergo-blot analysis of the M2laleuca (NH4M)
fractions obtained with gel filtration.
A. Photograph. B. Schematic representation using
symbols as in Fig. 17.
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Discussion

Various techniques have been used to characterize ]3ottlebrush
and

~laleuca

pollen.

'Illese pollens were identified to be

allergenically cross-reactive.

TCIE analysis determined that the

NH4B and NH4M extracts contain multiple antigenic components which
were extensively antigenic and cross-reactive (SECTION I).

TECIE

analysis identified some of these com{X>nents to be allergenic and
also antigenically cross-reactive (SECTION I).
RAST inhibition analysis has greatly enhanced the detection
of allergenic cross-reactivity among pollen allergens [7].
bound antigens, either Eottlebrush or

~laleuca,

Sepharose

were able to

competitively inhibit the binding of allergic patient IgE to NH4B
and NH4M RAST discs.

'Ille variations in % inhibition of IgE binding

to NH4B or NH4M discs was in the same range of variability as
previously reported for duplicate samples in RAST when Sepharose-BOT
or Sepharose-MEL was used as the competitor (Ventrex Laboratories,
Portland, ME).

'Illese RAST analyses, therefore, indicate the antigenic

components of the NH4B and NH4M extracts apparently contain very
similar, if not identical, allergenic detenninants.
Gel filtration analysis of the NH4B and NH4M pollen extracts
identified four peaks.

Allergo-blot analysis of gel filtration

fractions found the NH4B1 and NH4M1 peaks to contain allergenic
reactivity and have estimated molecular weights of 50,000 and 35,000
daltons, respectively.

1he three peaks not found to be allergenic
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would not be expected to be, because they eluted past the molecular
weight range of most allergens, which is 10,000-60,000 daltons [11].
1he Allergo-blot that we developed was used to detect allergen
specific IgE in patient sera.

Allergo-blot can detect IgE binding

to allergens which are in very low concencentration, such as gel
filtration fractions.

RAST has previously been reported to be the

most convenient technique to identify these fractions [3].
Allergo-blot may be performed more rapidly and less expensively than
RAST techniques without loss of sensitivity.

By utilizing many

extracts fran different allergens, this technique can be used as an
initial screen for detecting possible allergic reactivity of patients
before administration of skin tests, thereby avoiding the risk of
possible adverse reactions.

GENERAL DISCUSSION
Allergen characterization for clinical use has becane more
important within the past few years.

'Ihe use of different

irmrunochemicaI techniques in various combinations has facilitated the
identification and separation of allergenic
allergenic extracts.

compo~ents

in complex

'Ihese techniques have enhanced the

standardization of allergy detection and therapy.
1he use of CIE analysis and TCIE analysis in SECTION I
demonstrated that NH4B and NH4M extracts contain multiple antigenic
components.

CIE analysis of the NH4B and NH4M extracts demonstrated

the precipitin patterns to be similar in number, although different
in the actual position of the bands.

TCIE analysis in SECTION I

conf inned that Bottlebrush and M=laleuca pollen extracts contain
antigenically cross-reactive components.

1hese demonstrations of

extensive antigenic cross-reactivity, together with the differences
observed in precipitin patterns between the pollens, indicate
structural differences of the antigenic components which are formed by
very similar or possibly identical antigenic determinants.

1he use of

TECIE for detection of allergenic components in precipitin patterns
obtained with CIE and TCIE appears to offer many distinct advantages
over CRIE.

The shorter development time of TECIE i.e., minutes

instead of days, is probably the most important advantage over CRIE.
)

M:my TECIEs could be performed within the time it takes to perfonn one
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CRIE, enabling faster identification of allergenic components and
greater JX>tential for allergen research.

Another advantage is the

clarity of CIE pattern development with the use of TECIE.

CRIE can

often result in blurred development of CIE patterns due to variability
in both incubation time of photographic plates and radioactivity of
the 125 I-anti-IgE. antibodies bound to the bands. With a 50 picogram
detection limit, TECIE can easily detect all major and possibly most
minor allergenic components in precipitin bands with clear development
of precipitation patterns.

Since the concentration of anti-human IgE

peroxidase labeled antibody is 1 to 3000 and this antibody is diluted
in a buffer of 1% gelatin, the binding of this antibody to precipitin
bands containing bound IgE antibodies is very specific.

TECIE is a

very sensitive, specific, fast, and inexpensive method to analyze
precipitation patterns for allergenic reactivity.
TECIE analysis detected at least three and

t~

allergenic

components in the NH4B and NH4M extracts, respectively.

These

precipitin bands of both CIE and TCIE analysis having allergenic
reactivity were among those precipitin bands which had little
electrophoretic migration toward the anode.

This would indicate then

that at pH 8.6 these allergenic components are slightly negative in
charge.

These same precipitin bands were antigenically cross-reactive

since they precipitated in the intermediate gel containing antisera to
the cross-reactive pollen.
RAST inhibition studies in SECTION II indicated that the NH4B and
NH4M pollen extracts are allergenically cross-reactive.

'Illis
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cross-reactivity appears to be quite extensive as verified by the
similar inhibition curves for each antigen.

1his information lends

credence to the assumption that aerosolized pollen from one type of
tree could sensitize an individual to allergenic components to another
type of tree without direct contact.

Once sensitization has occurred,

a direct secondary exposure to a cross-reactive non-aerosolized tree
pollen could result in a reaction due to the extensive allergenic
cross-reactivity.

1he extensive cross-reactivity may be used to

advantage, since it may be expected that the preparation of suitable
tolerogenic derivatives of the ·allergens of one tree pollen would
result also in effective suppression of the IgE antilxx:ly responses
to the .cross-reactive allergen(s) present in the other pollen [12].
Allergenic cross-reactivity between allergens from many species of
trees, weeds, and grasses should be characterized if this phenanenon
is to be fully understood.
TI-le data presented here demonstrate that there is (are)
component(s) of the NH4B and NH4M extracts with molecular weights
greater than 35,000 which contain allergenic reactivity.

1hese

apparently high molecular weights might be attributable to a high
carlx>hydrate content, which has been shown to vitiate molecular weight
determinations of some allergenic components which were calibrated
with proteins of known molecular weight [13].

These types of

components would not be expected to be a chemical substance like that
which has been reported to be the cause of morbidity with

~laleuca
)

trees [26].

It is quite possible that it is a combination of chemical
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substance(s) along with pollen components which cause allergic
problems to Bottlebrush and

~laleuca

pollen.

Studies aimed at isolating pure allergens, utilizing ion
exchange chranatography, affinity chromatography, and isoelectric
focusing are proceeding.
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